This paper examines shareholder value drivers in European banking focusing on the efficiency and productivity features of individual banks. In particular, we analyse the value relevance of bank cost efficiency and total factor productivity (TFP) (in all its components, including technological change, pure technical efficiency change and scale efficiency change) to see how these influence shareholder value creation in European banking. The paper focuses on the French, German, Italian and UK banking systems over the period 1995-2002 and includes both listed and non-listed banks. We find that TFP changes best explain variations in shareholder value (measured by marketadjusted returns, MAR, for listed banks and by the ratio of EVAbkg to invested capital at time t-1 for non-listed banks). In both samples, we also find that technological change seems to be the most important component of TFP influencing shareholder value creation in European banking.
Introduction
The changing structural landscape of banking systems and the evolving competitive environment is expected to impact on the efficiency and productivity of banking business and this one would be expected to be reflected in bank stock performance.
As such, this paper presents an insight into how bank efficiency and the main components of productivity are linked to value creation in the European banking system. There is a substantial literature examining factors that influence the performance of banks (see Molyneux and Thornton, 1992; Berger, 1995; Berger and Hannan 1998; Berger and Mester 2003; and, Berger and Bonaccorsi di Patti, 2006) . However, few of these studies use shareholder value creation indicators as measures of bank performance and this is surprising given that creating value for owners (generating returns in excess of the cost of capital) has been the main strategic objective of banks over the last decade or so 1 . As Greenspan (1996) affirms "you may well wonder why a regulator is the first speaker at a conference in which a major theme is maximising shareholder value… regulators share with you the same objective of a strong and profitable bank system" Ohlson 1995 , Felthman and Ohlson 1995 , Morel 1999 , Dechow et al. 1999 , Lo and Lys 2000 , Ahmed et al. 2000 , Liu and Ohlson 2000 , Biddle et al., 2001 , Ota 2002 , 4) investigating the relationship between shareholder value and various corporate factors, such the diversification strategies (e.g. Gillan et al., 2000) , corporate governance mechanism (e.g. Baek et al., 2004 , Gillan and Starks 2000 , Mulherin and Poulsen 1998 , the number of shareholders (e.g. Amihid et al., 1999) , the ownership structure (Bates et al., 2006, Kahn and Winton 1998 Studies dealing with bank efficiency focus on methodological issues (e.g. Berger 1993, Altunmas and Chakravarty, 2001 ), others compare estimates from different methodologies (e.g. Berger and Mester 1997, Bauer et al., 1997) , others estimate efficiency focussing on countries and/or financial sectors poorly analysed by previous studies (e.g. Sathye 2001 , Green and Segal 2004 , Fiordelisi and Molyneux 2004 , Beccalli 2004 , Kosmidou et al 2006 , others assess the source of inefficiency and the role of environmental factors (e.g. Dietsch and Lozano-Vives 2000 , Berger and De Young 2001 , Chaffai et al., 2001 , Carbo et al., 2004 , Avkiran, 2008 , Das et al, 2009 , only a handful of studies (e.g. Beccalli et al., 2006 , Fernandez et al., 2002 , Eisenbeis et al. 1999 , Chu and Lim, 1998 , Fiordelisi, 2007 have empirically analysed the relationship between efficiency and shareholder value. Fernandez et al., (2002) analyse the relationship between the components of productivity change (estimated using DEA) and bank stock performance using a panel of 142 banks operating in eighteen different countries between 1989 and 1998 . Fernandez et al., (2002 find that market returns have a strong positive relationship with pure efficiency change and technical change, while there is a weak relationship with scale efficiency.
Beccalli et al., 2006 estimate cost efficiency of a panel of European listed banks
(using DEA and Stochastic Frontier Analysis -SFA) and find that changes in the prices of bank shares reflect percentage changes in cost efficiency, particularly those derived from DEA. Eisenbeis et al. (1999) analyse the ability of cost efficiency (estimated using DEA and SFA) in explaining risk-taking behaviour, managerial competence and bank stock returns. The authors estimate a negative relationship between cost inefficiency and stock returns and find that the stochastic frontier produces relatively more informative performance measures than does DEA. Chu and Lim (1998) analyse a panel of six Singapore-listed banks (over the period and find that percentage change in the price of bank shares reflect percentage change in profit rather than cost efficiency estimated using DEA. Fiordelisi (2007) examines the performance of a large sample of listed and unlisted European banks between 1997 and 2002 and finds (using Economic Value Added as the main output)
that, on average, banks are 36% shareholder value inefficient. He argues that shareholder value efficiency better explains value creation in European banking compared to cost or profit efficiency. 4 Studies analysing shareholder value usually focuses on developing and comparing new performance measures (e.g. O'Hanlon and Peasnell 1998 , Garvey and Milbourn 2000 , Fernández 2002 , assessing the value-relevance of different company items such performance measures, accounting information, etc. (e.g. Barth and Beaver, 2001, Holthausen and Watts 2001) , modelling the link between market value with accounting values (e.g. Ohlson 1995 , Felthman and Ohlson 1995 , Morel 1999 , Dechow et al. 1999 , Lo and Lys 2000 , Ahmed et al. 2000 , Liu and Ohlson 2000 , Biddle et al., 2001 , Ota 2002 .
Various studies have empirically analysed the relationship between efficiency and profits (e.g. Spong et al, 1995; Berger and Mester 1997; Girardone et. al. 2004 ) and, not surprisingly, usually find that there is a positive relationship (efficient banks are more profitable). Closely related to the efficiency studies is another strand of literature that examines productivity in banking. Stiroh (2000) , for instance, finds evidence of cost productivity improvements in the US banking sector between 1991 and 1997, although these only amounted to annual cost savings of under one percent. In contrast, Berger and Mester (2003) find that cost productivity declined by 12.5% per annum over the same period, while profit productivity increased at some 16.5%
annually over the same period. While these studies do not specifically examine shareholder value issues one would expect productivity improvements to be linked to shareholder value creation.
In this paper, we analyse the relationship between shareholder value and efficiency in banking analysing the value-relevance (looking both to the relative and incremental information contents) 5 of a broad range of bank efficiency measures (namely, technical, allocative, scale, cost efficiency, Total Factor Productivity changes and its components) obtained using DEA. Focussing on the French, German, Italian and UK banking systems over the period 1995-2002, we analyse the value relevance of efficiency and productivity estimates for samples of both listed banks and non-listed banks.
5 Value-relevance studies investigate the relationship between stock market values (or changes in value) and various company items (such as performance indicators, accounting and financial information, etc). These studies can be classified in relative association studies, in incremental association studies and marginal information contents studies. Relative association studies compare the relationship between stock market returns and alternative company items (such performance measures, efficiency measures, and so on). The investigation methods are usually very similar: the "value-relevance" (labelled as "relative information content") is assessed looking at difference in the adjusted R 2 of regressions, where the dependent variable is expressed as share prices or market raw-or adjusted-returns and the independent variable is the variable under investigation. In such models, the company item with the higher R 2 is described as being the more value-relevant. Incremental association studies assess the contribution provided by a company item in explaining a company's market value or market-returns given other specified variables. In these studies, an accounting measure is usually considered value-relevant (labelled as "incremental information content") if the regression coefficient is different form zero and statistically significant. Marginal information content studies evaluate whether investors' available information set is increased by the release of particular accounting information. In other words, it is assessed if value changes are associated with the release of specific accounting data (conditional on other information released). For a review of these studies, see Holthausen and Watts (2001) .
Methodology
The methodological approach developed aims to assess whether efficiency and productivity factors explain variation in shareholder value for a sample of listed and nonlisted European banks. To test the relationship between shareholder value with TFP changes and cost efficiency, we apply the following panel data regression model:
where t is the variable representing shareholder value created over the period t, X is the variable that we are analysing to assess its value relevance, i are the individual effects capturing the time-invariant effect of the un-observed characteristics of each individual on the dependent variable (unobserved heterogeneity), t are time effects capturing the effect of period t which is common across individuals, ei,t is the random error term and subindices i and t refer to the individual bank and the time period, respectively 7 .
We measure shareholder value created over the period t using Market Adjusted Returns (MAR) for publicly listed banks and the ratio between Economic Value Added (EVA) and the invested capital at time t-1 for non-publicly listed banks. The independent variables analysed (Xt) are cost efficiency and its components (namely, Technical, Allocative and Scale Efficiency) and Total Factor Productivity (TFP) changes and its components (namely, technological change, technical efficiency change, pure technical efficiency change and scale efficiency changes) 8 . These are derived from frontier estimations using 6 In this model, independent variables do not suffer from scale effects and, consequently, it is not necessary to deflate independent variables. 7 We run the Hausman (1978) test for assessing the assumption of no correlation between the effects and the explanatory variables. According to results obtained, we apply the fixed effects model. For further details, see Greene (1993) 8 Technical efficiency change can been further decomposed by analysing the extent to which efficiency changes between t and t+1 is due to scale efficiency or to pure efficiency change (labelled as scale efficiency change and pure technical efficiency change, respectively). The value of the decomposition is . We decide to examine all the components of productivity derived from the DEA estimates as these all have a different economic meaning expressing various operational features of a company. By assessing the value relevance of these variables, we are able to analyse if the creation of shareholder value is generated mainly by a technical ability of the bank or the allocative ability or both 10 . Table 1 illustrates the variables used in the empirical investigation.
<< INSERT TABLE 1 >>
One criticism of this approach is that investors may look at efficiency changes over time rather than efficiency levels at a given moment. Some studies (e.g. Casu et al., 2003) recognise this issue and analyse the value relevance of change in efficiency estimates between two consecutive periods. Although shareholder value may be certainly affected by efficiency changes, it is imprecise to estimate efficiency changes by comparing efficiency estimates obtained using frontier methodologies in two different periods since efficiency estimates are obtained measuring the distance from two different efficiency frontiers. The influence of efficiency changes on shareholder value created over a period can be better analysed by focussing on scale efficiency change and pure technical efficiency change (that are estimated assuming a constant technology).
To test for the relative information content we provide regression estimates relating each individual efficiency/productivity measure with our shareholder value indicators (MAR and EVAbkg) as the dependent variable. In order to investigate the incremental information content of our efficiency/productivity measures relative to shareholder value creation we that it attempts to provide information on the sources of the overall productivity change in the banking sectors. 9 DEA is a linear programming methodology which uses data on the input and output quantities of a group of firms to construct a piece-wise linear surface over the data points. We apply the multi-stage DEA methodology proposed by Coelli (1998) 9 . This method involves a sequence of DEA models to identify the projected efficient points. We use DEA to estimate the distances of each data point relative to a common technology in Malmquist Total Factor Productivity (TFP) index. For further details, see Annex.
10 These variables are measured at time t, t-1 and t-2. The economic rationale for using two lagged terms is that shareholder value created over the current period (t) is assumed to be influenced by information (such as productivity changes, cost and profit efficiency) over the last two periods (t, t-1 and t-2), while older information is assumed to be fully captured in market prices.
focus on: 1) cost efficiency components obtained using DEA and 2) TFP change components. By testing DEA cost efficiency components, we are able to assess the information content provided by allocative efficiency and scale efficiency to the information content of technical efficiency. This test is undertaken in three steps: firstly, we assess the value relevance of technical efficiency estimated under Variable Return to Scale (TE), then we introduce in the model the allocative efficiency estimates (AE) and finally we run again the model introducing the scale efficiency estimates (SE). We examine whether the explanatory power (adjusted R 2 ) of each model differs and the contribution made by additional variables. The models run are:
By testing TFP changes components, we are able to assess the additional information content provided by pure technical efficiency changes and scale efficiency changes to the information content of technological changes. This test is undertaken in three steps: firstly, we assess the value relevance of technological changes estimates (TECH_CH), then we introduce in the model the pure technical efficiency changes estimates (PUTE_CH) and finally we run again the model introducing the scale efficiency change estimates (SE_CH). The models run are:
Sample description
Our data set consists of unlisted banks (namely, commercial, system with predominantly private commercial banks compared to the other countries in our sample being 'bank-based' where a broader array of bank ownership types exists. For instance, Germany stands out in this respect with a large mutual and government-owned / backed savings bank sector. Banks with different ownership features can pursue varying objectives and may have different production technologies and this is why they also need to be distinguished in our analysis (Evans et al, 2001; Goddard et al, 2007) . We defined bank inputs and outputs according to the value-added approach, originally proposed by Berger and Humphrey (1992), and we posit 15 that labour (measured as personnel expenses), physical capital (expressed as the average value of fixed-tangible assets) and financial capital (measured as loanable funds) are inputs, whereas demand deposits, total loans and other earning assets are outputs.
In assessing the value-relevance of TFP changes and cost efficiency, we use two samples. The first comprises only publicly listed banks (and shareholder value is measured as MAR) and the second both listed and non-listed banks (and shareholder value is measured as the ratio between EVAbkg and the invested capital at time t-1). . Table 2 and 3 provides descriptive statistics for both samples used.
<< INSERT TABLES 2 & 3>>
The descriptive statistics show that listed banks have, on average, a larger size than non listed-banks. German banks are, on average, smaller than in the other three countries.
This is due to the high number of cooperative banks (about four times the number of commercial banks) in Germany. Regarding profitability, U.K. banks exhibit higher mean values of net income, ROE and ROA than banks in the other three countries (Table 4) .
<< INSERT TABLE 4>>

Results
This section discusses the results about the investigation of the value-relevance of the determinants of shareholder value focussing on the sample of the European publicly listed 16 We start from 1997 since we use a model with two lags 17 We start from 1998 since we use a model with two lags and the variables are constructed considering the change between two consecutive years. As such, in 1998, we consider the term in 1998 (t), 1997 (t-1) and 1996 (t-2) and this latter term covers the change between two consecutive period (i.e. 1995-1996) .
banks (where MAR is the dependent variable) and then for the sample of both listed and non-listed banks (where we use EVAbkg as the dependent variable).
European publicly listed banks
This section outlines the main results of the analyses carried out to test the relative and incremental information content of shareholder drivers obtained analysing our sample of French, German, Italian and U.K listed banks. The relative information content refers to the association between stock market values and information of firm specific features (e.g. efficiency and productivity measures) and the incremental information content refers to the contribution provided by information of firm specific features in explaining market returns given other specified variables.
We first assess the relative information content by looking at differences in the explanatory power (adjusted R 2 ) of regressions where market-adjusted returns (MAR) is the dependent variable and the determinants of shareholder value (namely, cost efficiency and productivity change components) are the independent variables. expressing the probability of making rejecting the hypothesis that the determinant of shareholder value investigated (e.g. cost x-efficiency) does not have a statistically significant impact on MAR. As such, a p-value close to 0 signals that it is very likely the factor investigated has a statistically significant impact on MAR; a p-value of 5% would express that there is a probability of 5% that the determinant of shareholder value analysed does not have a statistically significant impact on MAR, etc.
<< INSERT TABLE 5>>
According to DEA cost efficiency explains 37.1% of variation of MAR (Table 5) . Among its components, we find that technical and allocative efficiency have an equivalent value-relevance (39.5%
and 39.3%, respectively), while scale efficiency has a substantially lower relative information content (namely, 33.7%). Most of the estimated regression coefficients for technical and allocative efficiency are positive. Since we do not find that negative estimated regression coefficients are statistically significant at least at the 10% level, while several positive coefficients are highly statistically significant, there seems to be a positive relationship between technical and allocative efficiency and shareholder value.
Regarding cost efficiency, we find that estimated regression coefficients at time t and t-1 are positive, while that at time t-2 it is negative. All coefficients are found to be statistically significant at the 10% level. The positive relationship between cost efficiency and shareholder value seems to be positive since the most recent terms are positive and both positive estimated regression coefficients have a larger magnitude than that of the negative value.
We also analysed the incremental information content looking at the adjusted R 2 changes and the statistical significance of F-changes running models 2 to 7. Our analysis again focuses on: 1) cost efficiency components obtained using DEA; and 2) TFP changes components. Tables 6 report the 
<< INSERT TABLE 6>>
The analysis of TFP change components (table 6) shows that only pure technical efficiency changes provide additional information content to the explanatory power of technological changes since the adjusted R-squared increased by 12.4% (i.e. statistically significant at the 1% level). In contrast, scale efficiency changes increased R-squared by 0.4%. The poor additional information content of scale efficiency is also confirmed when scale efficiency is measured in terms of levels. The analysis of the DEA cost efficiency components (i.e. technical, allocative and scale efficiency) show that only allocative efficiency provides a statistically significant (at the 1% level) information content to that of technical efficiency (table 6) .
Overall, in analysing the shareholder value creation of European listed banks, we find that TFP changes explains 46% of the variation in bank shareholder value, with technological change being the most important component.. 20 We omit to report the estimated coefficient of dummy control variables in order to facilitate the analysis of our findings about the shareholder drivers assessed. 21 R-squared change is the change in the R squared statistic that is produced by adding or deleting an independent variable. If the R 2 change associated with a variable is large, that means that the variable is a good predictor of the dependent variable.
European publicly listed and non-listed banks
This section presents the results on the relative and incremental information content of shareholders value drives obtained focussing on a larger sample of listed and non-listed banks in France, Germany, Italy and United Kingdom.
In this section, we assess the relative information content by looking at differences in the explanatory power (expressed by the adjusted R 2 ) of regressions where EVAbkg on invested capital at time t-1 is this is regressed against various determinants of shareholder value (namely, cost efficiency and productivity changes). Tables 7 reports the The incremental information content is assessed looking at the adjusted R 2 changes and the statistical significance of F-changes running models 2 to 7 and tables 8 report our findings about the incremental information content of these determinants of shareholder value.
<< INSERT TABLE 8>>
The findings reported in tables 8 show that scale and allocative efficiency improve the adjusted R-squared of technical efficiency by 1.6% and 0.7%, respectively, and these three variables enable us to explain 23.0% of shareholder value variation. Table 8 suggests that pure technical efficiency changes and scale efficiency changes increased the r-squared by 7.6% and 0.8%, respectively, and these three variables enable us to explain 38.9% of shareholder value variation. As with our findings for listed banks, TFP is an important determinant of shareholder value creation in European banking, with the technological change component having the largest influence.
The discussion above has presented the results for the pooled sample of European listed and non-listed banks. We also repeat the estimation exercise for each banking system under study. A summary of the relative information content findings are given in Table 9 .
<< INSERT TABLE 9>>
Across the four banking systems analysed again we find that TFP changes have the highest explanatory power of variation of the ratio between EVAbkg and invested capital at time t-1 in Germany, Italy and United Kingdom. All regression coefficients in all countries are found to be positive and highly statistically significant providing evidence that productivity improvement lead to create shareholder value. By analysing the components of TFP changes, we find that technological change has a larger information content than technical efficiency change in France, Germany and United Kingdom, while in Italy technical efficiency change seem to have a superior value relevance than technological changes. Overall these findings suggest that it is improvements in the performance of best practice banks in France, Germany and the UK that are more closely related to shareholder value, whereas in Italy the catch-up of banks to best practice is more important. The case of Italy may be explained by the fact that branch restrictions in 1992 were removed and banks have rapidly increased their branch networks and workforces during the 1990's, whereas the opposite has occurred in the three other countries under study. (Goddard et al, 2007) Overall, this finding suggest that it is the best performing banks that are motivated most to boost productivity in order to grow value for their owners. The estimated regression coefficients of all TFP components (except scale efficiency) are generally positive and statistically significant in all countries. As such, it is possible to conclude for all four banking systems analysed the optimal use of outputs is less important in explaining value creation compared to better input usage and the overall influence of technological developments on the banking sector. One might also claim that pure technical efficiency changes are found to have a value-relevance higher than technical efficiency change. The reason is probably due to limited poor relative information content of efficiency changes (common to all countries analysed):
in other words, when we decompose technical efficiency into two components, we find that the influence of pure technical efficiency change is high whereas the influence of scale efficiency changes is low and the latter may counterbalance the combined effects.
The explanatory power of cost efficiency seems to substantially change across countries and this may be explained by different institutional and other features of European banking systems. Among DEA cost efficiency components, scale efficiency is found to have always the lowest explanatory power of variation of the ratio between EVAbkg and invested capital at time t-1. In France and Germany, technical efficiency seems to have a higher value-relevance than allocative efficiency, while we note the opposite in Italy and United Kingdom. The latter suggests that more optimal usage of inputs better explain value creation.
By comparing pure technical and scale efficiency changes with, respectively, technical and scale efficiency, we observe in France, Italy and U.K that pure efficiency changes have a substantially higher ability in explaining variation of the ratio between EVAbkg and invested capital at time t-1 than that of technical efficiency. These differences seem to provide evidence that factors other than optimal output mix relating to the catch-up of banks to best practice are more value-relevant determinants of shareholder value.
As robustness tests, we also estimated model (1) various times using one-year crosssection sub-samples for both listed and non-listed banks. Although the overall significance of these models cannot be directly compared to the one using the panel data sample, estimated regression coefficients display consistent signs, magnitude and statistical significance over the time period analysed confirming the main results.
Finally, we observe that our findings for the sample of listed and non-listed banks appear to be strongly consistent with those for the sample of only listed banks (discussed in the previous section).
Conclusions
This paper analyses the determinants of value creation in European banking by examining how factors such as cost efficiency and productivity changes relate to shareholder value creation in French, German, Italian and UK banking between 1995 and 2002. Overall we find that total factor productivity (TFP) changes best explain variations in shareholder value (measured by MAR for listed banks and by the ratio of EVAbkg to invested capital at time t-1 for non-listed banks). In general we find improvements in best practice banks (technological change) best explain variation in value creation compared to movements of banks closer to best-practice frontiers.
When both productivity and catch-up features are investigated it seems that scale factors are less important than other factors, such as optimal input usage and pure technical efficiency change in explaining value creation -so optimal output / size appear less important than other effects. 
Annex
We measure cost efficiency using DEA by distinguishing between technical, allocative and scale efficiency. DEA is a linear programming methodology which uses data on the input and output quantities of a group of firms to construct a piece-wise linear surface over the data points. DEA seeks to identify the DMUs in the data set which determines an envelopment surface by solving a sequence of linear programming problems (one for each DMU in the sample). The DMUs on the frontier surface are called "technically efficient"; for each DMU not on the frontier, labelled as "technically inefficient", the efficiency score is determined by comparing its performance to the envelopment surface 23 . DEA can be either input-oriented or output oriented. In the first case, the envelopment surface is defined by seeking the maximum possible proportional reduction in input usage with output levels held constant. In the second case, DEA defines the efficient frontier by seeking the maximum proportional increase in the output production, with input levels held constant. If information on prices is available and a behavioural assumption can be appropriately made, DEA allows us to estimate allocative and cost efficiency: in the input orientation, the former refers to the combination of inputs which produces a given quantity of outputs at minimum cost, while the latter expresses the ability of a firm to choose its input and/or output levels and mix them to optimise its economic goal. We choose the input orientation approach as we believe banks are more likely to have focused on cost minimization rather than output maximization as a strategic objective over the study period. This view is confirmed, to a certain extent, by other studies that analyse bank efficiency (see Goddard et al, 2007 for a recent review of the bank efficiency literature). 24 23 The most serious DEA drawback is that this methodology does not allow for a random error due to error measurement or to good or bad luck. Therefore, the detection of outliers and influential observations is a particularly important task in DEA. The methodology applied has followed the most relevant approaches in literature and it was organised as follows: a) identification of non conforming observations (outliers) by analysing input and output data and efficiency scores; 2) "outliers" were prioritised on the basis of the underlying production process; 3) influential observations were detected by following Wilson's (1995) ; 4) in order to consider the masking problems, Wilson (1995) procedure was repeated by dropping all bestpractice companies; 5) an individual follow-up was undertaken for the "likely" outliers and influential observations previously detected. 24 See Camanho and Dyson (2008) for recent developments in Farrel efficiency measurement.
The origin of the DEA methodology can be traced back to Charnes, Cooper and Rhodes (1978) , which generalised the piece-wise-linear conical hull approach to estimate the efficient frontier and radial inefficiencies scores (proposed by Farrell, 1957) To address this problem, we apply the multi-stage DEA methodology proposed by Coelli (1998). This method involves a sequence of DEA models to identify the projected efficient points and is therefore more computationally demanding than other methods 27 : however, it avoids the necessity to maximise the sum of slacks and the efficient projected points identified are invariant to units of measurement.
Because price information is available, we run the following cost minimisation DEA model:
(a1) min ,xi* wi' xi*, st: -yi + Y 0, xi* -X 0 N1' =1 25 For further details, see Seiford (1996) , Førsund and Sarafoglou(2002) . 26 A problem associated with the piece-wise linear form of the frontier estimated by DEA are the "slacks", which are generated by the part of the frontier which is parallel to the axes. 27 Such as, for example, the two-stages DEA suggested in Ali and Seiford (1993) 0 where wi is a vector of input prices for the i-th firm and xi* (which is calculated by LP) is the cost minimising vector of input for the i-th DMU, given wi and yi. The total Cost Efficiency of the i-th firm is calculated as CE= wi'xi*/wi'xi, which represents the ratio of minimum cost to be observed. Allocative efficiency estimates are calculated as: AE= CE/TE.
We use DEA to estimate the distances of each data point relative to a common (1994), we proposed the "enhanced decomposition" by decomposing the efficient change (EC) into scale efficiency (SCC) and Pure Technical Efficiency (PTEC) components. It is important to note that all these DEA models require data for input-output quantities, but not price information. The decomposition becomes:
= EC x TC = PTEC x SCC x TC 31 A recent study of Casu et al., (2004 Casu et al., ( , p.2538 ) measured productivity change in European banking between 1994 and 2002 using both parametric and non-parametric methodologies (namely, DEA) and found that "overall, we find that the competing methodologies do not yield markedly different results in terms of identifying the main components of productivity growth".
Table 1 -Variables used to investigate the concentration-competition relationship in European banking among 1997-2005
Variables Description
Market Adjusted Returns (MAR)
Market Adjusted Returns (MAR) is the increment of equity market value (calculated considering a 12-month non-overlapping period ending four months after the firm's fiscal year). Since annual financial reports relating to the accounting year t are not generally publicly disclosed until April of time t+1, the motivation for considering stock prices four months after the firm's fiscal year is justified on the basis of incorporating the release event (this is consistent with the literature incorporating earnings announcement dates in the window, see e.g. Beccalli et al., 2006) The ratio between Economic Value Added and the invested capital at time t-1 (EVA/CI)
The Economic Value Added is estimated using a procedure accounting for banking peculiarities (EVAbkg) . Namely, EVAbkg is calculated as follows: EVAbkg(t-1,t) = NOPATt-1,t -(CI t-1* K e t-1,t) where NOPAT is Net Operating Profits After Tax, CI is capital invested, Ke is the estimated cost of equity capital. Following various studies (e.g. Maccario et al. 2002 , Di Antonio 2002 and Sironi 2005 , bank's capital invested (and, consequently, the capital charge) focuses on equity capital. We also undertake seven adjustments specific for banks in calculating NOPAT and Capital invested to move the book value of banks closer to their economic value. These adjustments concern: 1) loan loss provisions and loan loss reserves; 2) taxes; 3) restructuring charges; 4) security accounting; 5) general risk reserves; 6) R&D expenses and 7) operating lease expenses. Technical efficiency expresses the ability of a firm to obtain maximal outputs from a given set of inputs or of minimising inputs for a given target of outputs.
Allocative Efficiency under the assumption of Variable Return to Scale ( * ) (AE)
Allocative efficiency refers to the ability of using the input in optimal proportions, given their respective prices and production technology.
Scale Efficiency ( * ) (SE) Scale efficiency refers to the ability of achieving optimal bank size.
Cost (or Overall) Efficiency under the assumption of Constant Return to Scale ( * ) (CE)
Cost efficiency expresses the ability of a firm to choose inputs and/or output levels and to mix these to minimise cost, respectively; and productivity changes measure how the ratio of a bank's outputs to its inputs changes over two consecutive periods (t and t+1)..
Total Factor Productivity Change (+) (TFP-CH)
The Malmquist Total Factor Productivity (TFP) index measures the TFP change between two data points by calculating the ratio of the distances of each data point relative to a common technology Technological Change (+) (TECH-CH) Technological change is the shift of the efficient frontier between t and t+1. This is obtained as geometric mean of the shift of the frontier between two consecutive periods and, consequently, reflects improvement or deterioration in the performance of best-practice decision making units.
Technical Efficiency Change (+) (TE-CH)
Technical efficiency change measures the change in the overall technical efficiency (i.e. pure technical efficiency and scale efficiency) between two consecutive periods assuming a constant technology (namely, that the efficient frontier did not change over the two periods) and, consequently, reflects the convergence towards or divergence from the best practice on part of the remaining DMUs. Pure technical efficiency change (+) (PUTE-CH) Pure Technical efficiency change measures the change in the technical efficiency between two consecutive periods assuming a constant technology. This is obtained by decomposing the technical efficiency change. Scale Efficiency change (+) (SE-CH) Scale efficiency change measures the change in the scale efficiency between two consecutive periods assuming a constant technology. This is obtained by decomposing the technical efficiency change.
( * ) The efficiency estimates are obtained using the multi-stage DEA methodology proposed by Coelli (1998) . For further details, see Annex.
(+) The distances of each data point relative to a common technology to calculate this index are obtained using DEA. . For further details, see Annex. . 1997-2002 1997-2002 1997-2002 1997-2002 The p-value reported, based on the F-test, expresses the probability of making an error rejecting the null hypothesis (i.e. all slope coefficients are equal to zero). As such, a p-value close to 0 signals that the performance measure investigated is likely to have a statistically significant impact on MAR since at least one of the estimated regression coefficients differs from zero. Broadly speaking, a p-value of 5% express that there is a probability of 5% that the performance measure investigated does not have a statistically significant impact on MAR, and so on. 1998-2002 1998-2002 1998-2002 1998-2002 1998-2002 The p-value reported, based on the F-test, expresses the probability of making an error rejecting the null hypothesis (i.e. all slope coefficients are equal to zero). As such, a p-value close to 0 signals that the performance measure investigated is likely to have a statistically significant impact on MAR since at least one of the estimated regression coefficients differs from zero. Broadly speaking, a pvalue of 5% express that there is a probability of 5% that the performance measure investigated does not have a statistically significant impact on MAR, and so on.
*/**/***indicate statistically significance at p<10%, p<5%, and p<1%, respectively 1997-2002 1997-2002 1997-2002 1997-2002 The p-value reported, based on the F-test, expresses the probability of making an error rejecting the null hypothesis (i.e. all slope coefficients are equal to zero). As such, a p-value close to 0 signals that the performance measure investigated is likely to have a statistically significant impact on MAR since at least one of the estimated regression coefficients differs from zero. Broadly speaking, a p-value of 5% express that there is a probability of 5% that the performance measure investigated does not have a statistically significant impact on MAR, and so on. 1998-2002 1998-2002 1998-2002 1998-2002 1998-2002 The p-value reported, based on the F-test, expresses the probability of making an error rejecting the null hypothesis (i.e. all slope coefficients are equal to zero). As such, a p-value close to 0 signals that the performance measure investigated is likely to have a statistically significant impact on MAR since at least one of the estimated regression coefficients differs from zero. Broadly speaking, a p-value of 5% express that there is a probability of 5% that the performance measure investigated does not have a statistically significant impact on MAR, and so on.
*/**/***indicate statistically significance at p<10%, p<5%, and p<1%, respectively 
